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ABSTRACT 
Singapore 1646 
Republic of Singapore 
This paper studies the effects of various design parameters on the perfonnance of the capillary tube. A homogeneous 
two phao;;e How model was used to illustrate various etlects of the design parameters such as: tube diameter, tube roughness, 
tube length, degrees of sub-cooling and the refrigerant t1ow rates on capillary tube perfonnance. The validation of the prediction 
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The capillary tube is one of the most important component in a vapour compression refrigeration system. It is specially 
used in small system with capacity below 10 kW. Although it is the simplest device in the refrigeration cycle, the tlow phenomena 
involved is not simple. Two phase refrigerant vapour and liquid usually exist in the tube and make the study more complicated. 
In the design of refrigeration systems, an incorrect matching of the capillary tube with the compressor and evaporator may 
penalise the perfonnance of the whole system. Various adiabatic capillary tube models are available in the open literature. The 
now parameters such as pressure drop, mass tlow rate, critical mass tlow rate and the delay of vaporisation were studied by 
numerous researchers. 
In studies of such systems, the refrigerant tlow in the capillary tube is generally divided into a single pha..o.;e sub-cooled 
liquid region and a two phase liquid-vapour tlow region. Visual and photographic studies on the two phase tlow patterns on 
the capillary tube by Mikol [1], Mikol and Dudley [2] and Koizumi and Yokoyama [3] show that the t1ow condition can be 
assumed as homogeneous. To model the capillary tube now, homogeneous now assumption were made by Goldstein [4], 
Koizumi and Yokoyama (3] and Melo [5]. 
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Recent studies on the etiects of metastable now on the capillary tube perfonnance was carried out by Li et all6,7] and 
Chen (8]. The model includes the etlects of the thennodynamic non-equilibrium vaporization and-relative velocity between the 
liquid and vapour phase. 
To study on the effects of new refrigerant, Wijaya [9] presented experimental test data of an adiabatic capillary tlow 
using HFC-134a as the working fluid. 
Previous study on the two phase tlow by the author [ 1 0] showed that the homogeneous t1ow model worked reasonable well for 
pipe flow of a refrigerant R 113 liquid-vapour system. This paper attempts to use a simple homogeneous two pha.<;e tlow model 
[10] to study the effects of the design parameters such as, the tube diameter, the tube roughness, the tube length, the degrees of 
sub-cooling on the perfonnance of the capillary tube. 
THEORETICAL MODELLING 
In present analysis, the flow in the capillary tube is divided into a sub-cooled single phase liquid and saturated two pha.<>e 
flow regions. In the two phase flow region the flow is modelled by assuming one dimensional, adiabatic and thermodynamic 
equilibrium homogeneous tlow. Liquid tlashing arising purely from the reducing pressure. The unknown tlow parameters in 
the model are quality, velocity, pressure and void fraction. It is important to mention that metastable tlow phenomena are 
neglected in the modeL The governing equations used in describing the flow are presented below: 
Single phase now region 
For a horizontal, sub-cooled single phase flow in tube, from the conservation of momentum, the pressure drop along the 
tube may be expressed as: 
( dP) jG
2 
dZ F = -u rvtJ (I) 
the friction factor jean be obtained from Colebrook single pha..'>e friction factor curve, 
1 J (eld) 9.3 ] ff= 1.14-2lol 3.7 + Reff (2) 
As the sub-cooled liquid refrigerant flows along the tube, the fluid pressure drops along the line, hence the saturated 
temperature of the liquid decrea.;;es. The length of the single phase flow region can be determined when the saturated temperature 
of the liquid approaches the initial sub-cooled liquid temperature. 
Two phase tlow region 
As the saturated temperature reaches the initial sub-cooled temperature of the liquid, two phase llow situation occurred. The 
two phase flow is assumed a homogeneous mixture in this case. The mixture velocity of the vapour-liquid refrigerant may be 
obtained from the consideration of mass conservation. It can be expressed as: . M M 
um "'j\vm "'"A[xv~ +(1-x)v/] (3) 
The change of quality of the t1uid along the Lube may be derived from the conservation of energy, see eqn (4). The two-phase 
pressure drop along the tube can be expressed as U1e sum of the pressure drop due to tube wall friction as well as the tluid 
acceleration effects as shown in eqn (5). 
dx --( ~) A dZ F (4) 
-
dZ B D - A c 
and 
-e;)F + c d> (~~l dZ (5) - = D 
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D =I+G x-~+(1-x)-1 l dv dv] dP dP 
( d
P) fG 1 
dZ F=--utv,J 
Notice that in the two phase flow region, the single phase Moody's friction factor expressed by C
olebrook's equation as shown 
in eqn (2) is employed, with the Reynolds number being defined as: . 




!!,,, = 11/ I-~)+!!~~ 
XV 
~ = < 
xv,+(l-x)v1 
Sonic velocity in homogeneous two phase now region 
The t1uill velocity increases in the now direction due to pressure drop. A situation will reach suc
h that the tluid velocity reaches 
the local sonic velocity, and the t1ow is said to have reached the critical now condition or chok
ed. 
The sonic velocity may be obtained from eqn (5). Choking occurs a.-; the denominator or eqn (5) ap
proaching zero, i.e 
(dP!dZ)T -7 0, hence 
C = [(l-x)v1 +xv,l 
_/ dv, dv1 ~'.J -XdP-(l-x)dP 
(6) 
In the above analysis, equation (1) is applied to the single phase sub-cooled liquid region. Once the sa
turated condition is 
reached, the governing equations ( 4) and (5) for homogeneous two pha.-;e tlow are solved using a standard 4th order Run
ge-Kulla 
technique with a small length increment. During the computation, equations (3) and (6) are computed to determine if th
e critical 
now condition is reached. The computation terminates when the flow is choked. The tube len
gth corresponds to the choked 
condition is tenned the critical tube length. In the above analysis, the Moody's single phase r
riction factor with Dukler [Ill 
mixture viscosity expression has been applied in the two phase now region. 
RESULTS AND lliSCUSSIONS 
Comparison with existing experimental data 
To validate the simulation model, comparisons have been made with available experimental res
ults by Wijaya 191 and Li et al 
(7]. 
Fig 1 shows variation of critical mass now rate against the critical tube length. The predicted re
sults compare reasonable well 
with measured data (9]. Fig 2 shows that pressure distribution along the tube for both predicted and mea:mred result-; [7
]. Good 
agreement is shown. 
In the following analysis, refrigerant HFC-134a was used as the working t1uid. The inlet pressur
e at the capillary tube entrance 
is fixed at 13.27 bar, while the exit pressure is computed until the now reaches the critical now 
condition and the computation 
is terminated. 
Effect of tuhe diameters. 
Fig 3 shows the temperature distribution along the capillary tube with various tuhe diameters. I
t shows a constant temperature 
distribution in the single phase liquid region and followed by a sudden drop in temperature i
ndicating that t11e point which 
vaporization hegins. The results show that bigger tube diameters delay t11e occurrence of t11e va
porisation. 
Fie: 4 shows the critical ma.-;s tlow rates with various tube dimneters. As the diameter increas
es, lhe critical mass tlow rate 
increases for a given tube length. The results also show t11at, for a given mass now rate, increase
s in the tube diameter increase 
the tube length. In practice, an optimum dil;lmeter is required to provide the necessary restriction fo
r the desired now condition. 
However, as depicted in Fig 4 the optimum dimneter is affected hy t11c length of t11e tube availa
ble and the mass now rate. 
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Effects of degree of sun-cooling 
Fig 5 shows the variation of the critical mass !low rate wiU1 various degrees of sub-cooling. The results show Utat for a given 
tube lengU1, a higher degree of inlet sub-cooling produces a higher mass How rate. This is because as U1e inlet suh-cooling 
increases, it allows the refrigerant to remain in Ule single phase liquid over a longer portion of U1e tube, Ums the two phase flow 
region is shorten. Thi~ illustrates U1at the restriction to the critical mass flow rate depends very much on U1e lengU1 of the two 
phase tlow region which is affected by U1C degree of suh-cooling. Whereas, at a given critical mass now rate an incre<t<.;e of 
inlet sub-cooling increases U1e critical tube lengUl. 
Fig 6 shows the temperature distribution along the capillary tube wiU1 various degrees of sub-cooling. The resull shows U1at 
Ule higher the degree of suh-cooling the later the onset of vaporisation. Clearly, the single phase liquid region is extended at a 
higher degree of suh-cooling. Fig 6 can be used to detennine Ule location for Ule onset of vaporization. 
Effects of tube roughness 
As shown in Fig 7, the results demonstrate Ulat for a given mass rlow rate, a decrease in tuhe roughness resulted in a longer 
tuhe before the chocked condition is reached. 
Fig 8 shows the variation of quality at the tube exit wiU1 various tuhe roughness. As indicated in U1e figure, higher tuhe roughnesses 
increase Ule refrigerant quality at the tube exit for a given critical tube lengUl. 
CONCLUSIONS 
The results reconfirmed Ulat a simple homogeneous flow model may be adequately used to predict U1e performance of Ule two 
phase capillary tube tlow. The effects on various parameters are shown. The results also show that, U1e single ph<t'ie Moody's 
friction factor espressed by Colebrook equation wiU1 U1e Duklcr mixture viscosity expression can he used to predict U1e tlow 
of two phase refrigerant Utrough capillary tuhe. It is believed that, the model, at it<-; ctuTent state, may be used to assist ilie 
selection of U1c capillary tube in refrigeration systems. 
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Fig. X Quality at choked condition 
